The potential of ecosystem engineers to modify the structure and dynamics of food webs has recently been hypothesised from a conceptual point of view. Empirical data on the integration of ecosystem engineers and food webs is however largely lacking. This paper investigates the hypothesised link based on a field sampling approach of intertidal biogenic aggregations created by the ecosystem engineer Lanice conchilega (Polychaeta, Terebellidae). The aggregations are known to have a considerable impact on the physical and biogeochemical characteristics of their environment and subsequently on the abundance and biomass of primary food sources and the macrofaunal (i.e. the macro-, hyper-and epibenthos) community. Therefore, we hypothesise that L. conchilega aggregations affect the structure, stability and isotopic niche of the consumer assemblage of a soft-bottom intertidal food web. Primary food sources and the bentho-pelagic consumer assemblage of a L. conchilega aggregation and a control area were sampled on two soft-bottom intertidal areas along the French coast and analysed for their stable isotopes. Despite the structural impacts of the ecosystem engineer on the associated macrofaunal community, the presence of L. conchilega aggregations only has a minor effect on the food web structure of soft-bottom intertidal areas. The isotopic niche width of the consumer communities of the L. conchilega aggregations and control areas are highly similar, implying that consumer taxa do not shift their diet when feeding in a L. conchilega aggregation. Besides, species packing and hence trophic redundancy were not affected, pointing to an unaltered stability of the food web in the presence of L. conchilega.
Introduction
Ecosystem engineers (species that contribute to the creation, modification or maintenance of the physical environment, which therefore have a crucial effect on other species [1] ) and food webs are both well documented. The incorporation of non-trophic interactions in traditional food web studies is however only recently increasing [e.g. 2, 3] , and up till now, the significance of the common and often influential process of ecosystem engineering on food web structure and dynamics remains largely unknown [4] . To get a more general understanding of interaction webs in nature, the integration of ecosystem engineering and food webs cannot be longer avoided [4] . Sanders et al. [4] recently presented a conceptual framework to integrate the largely independent research areas of ecosystem engineering and food webs. By structurally changing the abiotic environment, engineers can impact the structure of food webs either via node modulation (effect on the number of species that are present and their densities) or via link modulation (effect on the number and strength of trophic and non-trophic interactions among species) (Fig 1) . The former also includes a subsequent change in links from the nodes to the rest of the food web [4] . Node and link modulation can operate on three non-exclusive engineering pathways; they can change the abiotic conditions (e.g. temperature and pH), the consumable abiotic conditions (e.g. nutrient leaching) and the non-trophic resources (e.g. competitor-free space). Via these pathways, the engineer might facilitate the addition of new producer species or alter the producer biomass and as such affect higher trophic levels [4] . The engineering pathways are believed to influence a food web at four possible levels: one trophic level, a food web compartment, a sub-set of species at different trophic levels or all species in the food web [4] . Moreover, if the engineer is trophically coupled to the food web (as a producer, consumer or decomposer), the net effect of the engineer on the food web will depend on a combination of engineering effects, trophic effects and positive or negative feedbacks to the engineer [4] .
Despite the growing interest in the capacity of ecosystem engineers to modify the structure and dynamics of food webs, most studies dealing with this issue have a theoretical nature and empirical evidence is largely lacking [4] [5] [6] . So far, only a few recent studies have been looking at the link combining both research fields in the marine realm [e.g. 7, 8] . More evidence on how ecosystem engineers might affect food web structure and stability can be best provided by making use of an ecosystem engineer combining both autogenic (changing the environment via their own physical structures) and allogenic (changing the environment by transforming living or non-living materials from one physical state to another) engineering capacities [1] . Polychaete worms have been extensively studied regarding their ecosystem engineering capacities and the subsequent effects on soft-bottom communities [e.g. 9, 10, 11] . The terebellid polychaete Lanice conchilega is a prime example of an organism proven to be both an autogenic and allogenic ecosystem engineer [12, 13] . On the one hand, L. conchilega alters the biogeochemical properties of the environment by its bioirrigating activities [14, 15] , while on the other hand it can appear as dense aggregations, creating biotic surface structures sometimes referred to as biogenic reefs [13] , hence providing new habitats. In the presence of this engineering species, positive biodiversity and/or abundance and biomass effects have been reported on different size and/or ecological groups, ranging from primary producers (SPOM and MPB, [16, De Smet et al. unpublished] ) to smaller meiofauna [e.g. 17, 18] and associated macrobenthos [e.g. 19] and hyperbenthos [16] up to (juvenile) (flat)fish and waders [e.g. 20, 21, 22] .
While the structural and functional role of biogenic reefs has been well investigated, their impact on the food web structure has only been poorly considered. Following the conceptual framework of Sanders et al. [4] , the habitats created by L. conchilega are expected to impact the overall food web structure via node modulation, since the tubeworm alters the primary producers' abundance and biomass, and subsequently affect the nodes (i.e. species abundance and biomass) of the macrofaunal food web [16, De Smet et al. unpublished] (Fig 1; based on [4] ). Therefore, we investigated the potential effect of biogenic L. conchilega aggregations on the structure of the macroscopic soft-bottom intertidal food web. We combined a classical approach (e.g. trophic position and functional groups) and a more integrative approach based on stable isotope analysis to study the food web structure. In ecological studies, the 13 C/ 12 C and 15 N/ 14 N stable isotope ratios are the most frequently used to infer primary food sources, trophic linkages and trophic position [23] . Generally, the quantitative information on both resource and habitat use provided by stable isotope analysis is utilised to define isotopic niche: an area (in δ-space) with isotopic values (δ-values) as coordinates [24] , which should not be confused with an animal's trophic niche [23] . Layman et al. [25] introduced a number of metrics that make use of stable isotope data to describe trophic structure ranging from individuals to entire communities and which can be used to compare trophic structure across systems or time periods. By implementing Bayesian statistics, Jackson et al. [26] provided improved estimates of the community metrics allowing for robust statistical comparison of isotopic niches of communities, both in space and time. This study uses stable isotopes to investigate whether changes in the species composition in the presence of L. conchilega also causes changes in the structure of the food web. Moreover, to our knowledge, this is the first study that investigates the effect of an ecosystem engineer on the food web structure by using Bayesian Layman metrics. More specifically, we tested the hypotheses that (1) the ecosystem engineering activity of L. conchilega on its environment does not affect the isotope signatures of the primary food sources, and that (2) the altered abundance and biomass of primary producers and macrofauna in the presence of L. conchilega affects the structure, stability and isotopic niche of the consumer assemblage of a soft-bottom intertidal food web. Rather than focussing on one single ecosystem component, the entire bentho-pelagic consumer assemblage associated with the intertidal L. conchilega aggregation [16] , was taken into account. To exceed the local scale, two different intertidal areas, representing different environmental settings along the French coast, were investigated.
Material & Methods

Study area and sampling design
Two soft-bottom intertidal areas located along the French side of the English Channel were sampled for primary food sources and consumer species. The bay of the Mont Saint-Michel (BMSM) is a large-scale intertidal sand flat located in the Normand-Breton Gulf (48°39.70' N-01°37.41' W; France); while Boulogne-sur-Mer (further referred to as Boulogne) is a smallscale beach along the northern part of the English Channel (50°44.01'N-01°35.15'E; Northern France). The locations were selected based on the presence of well-established intertidal L. conchilega aggregations.
At each location, the main primary food sources in the area (SPOM and MPB) and consumer species were sampled within a L. conchilega aggregation and a (control) area in the absence of any bioengineering species. The bathymetric level between the L. conchilega aggregations and their respective control areas was similar and the sampling areas were at least 300 m apart from each other. 
Sampling of sources and consumers
Sediment particulate organic matter (SPOM) was collected by sampling the upper cm of the sediment during low tide. Upon return at the lab, artificial seawater was added to the sediment and following sonication and sieving (38 μm), the supernatant was filtered onto precombusted (450°C for 2h) and pre-weighed Whatman GF/F filters (25 mm), temporarily stored frozen at -20°C and subsequently at -80°C until processing. Fresh microphytobenthos (i.e. benthic diatoms; MPB diatom ) was collected by transferring the upper cm of the sediment to plastic boxes, covering the sediment with 100 x 150 mm Whatman lens cleaning tissue and cover slides, and putting the sediment under controlled light conditions enabling diatom migration. After about 2 days, diatoms were scraped off the cover slides, transferred to flacons with milli-Q water and centrifuged at 3000 rpm for 3 min. The diatom pellets were transferred to Sn capsules (30 mm Ø, Elemental Microanalysis UK), dried at 60°C and subsequently pinch closed and stored in Multi-well Microtitre plates under dry atmospheric conditions awaiting further analysis. Macrobenthic invertebrates were collected with an inox corer (Ø 12 cm, 40 cm deep), sieved through a 1 mm circular mesh size and stored in a bucket with seawater. Upon return in the lab, animals were sorted, identified to the lowest possible taxonomic level, starved in seawater (24h) to allow evacuation of their gut contents and stored at -20°C before further treatment. In order to study the epi-and hyperbenthic communities, the lower water column (up to 40 cm) covering the sampling areas was sampled during daytime ebbing tide. Fish, shrimp and other epibenthic organisms were sampled with a beam trawl (2m long, 3m wide, 9 x 9 mm mesh size) equipped with a tickler-chain in the ground rope. Similarly, smaller animals living in the water layer close to the seabed (i.e. hyperbenthos; [27] ) were collected with a hyperbenthic sledge consisting of a metal frame (100 x 40 cm) and equipped with two identical nets: a lower and an upper net (3 m long, 20 cm high at the mouth, 1x1 mm mesh size). The beam trawl and the hyperbenthic sledge were towed, either by a speedboat (Sillinger) in the BMSM or by foot in Boulogne, at a speed of 1 knot in the surf zone and parallel to the coastline for 100 m. Catches were sorted, identified to the lowest possible taxonomic level, starved in seawater (24h) to allow evacuation of their gut contents (only in case of smaller invertebrates), and stored at -20°C before further treatment. For each combination of location (BMSM vs. Boulogne), sampling area (L. conchilega aggregation vs. control area) and period (spring vs. autumn), 3 macrobenthic cores, 1 hyperbenthic catch and 1 epibenthic catch were collected.
Sample preparation and stable isotope analysis GF/F filters of SPOM and all collected consumer species were prepared for 13 
Data analysis
This study incorporated two different sampling locations (BMSM and Boulogne) along the French coastal area. Analysis of the stable isotope data was performed for each of the locations separately since they are characterized by different environmental settings.
Primary food sources. Differences in the δ 13 C and δ 15 N isotope values of the primary food sources (SPOM and MPB diatom ) between levels of the fixed factors sampling area (L. conchilega aggregation versus control) and period (spring versus autumn) were tested by a twoway ANOVA (Analysis of Variance). Significant interaction effects (p < 0.05) were further investigated by means of a TukeyHSD test. Prior to ANOVA, the assumptions of normality and homogeneity of variances were tested on untransformed data with Shapiro-Wilk tests and Levene tests respectively. Consumers. The carbon and nitrogen isotope composition of consumer taxa co-occurring in both the L. conchilega aggregations and control areas were compared by plotting them in δ 13 C and δ 15 N biplots. Separate biplots were created for the locations and within biplots a distinction was made between periods. Taxa were assumed to have resembling δ 13 C and δ 15 N values in the L. conchilega and control areas if they fell within the 95% confidence interval (CI) encompassing the 1:1 correlation between L. conchilega aggregation and control isotope values.
To provide a detailed description of the entire food web structure, we used a classical approach and a more integrative approach. The classical approach includes trophic level determination and the clustering of taxa in trophic groups; the integrative approach consists of the estimation of community-wide metrics based on Bayesian statistics. Classification of consumers in groups of individuals with similar food uptake (δ 13 C) and trophic level (δ 15 N) was achieved by means of agglomerative hierarchical cluster analyses with group-average linking [30] . Clustering was performed for each of the combinations of location, sampling area and period separately and applied on a Euclidean distance resemblance matrix of normalised δ 15 N and δ
13
C isotope values of individual consumers. The clusters were examined for significant differences by similarity profile (SIMPROF) permutation tests [30] . Cluster analysis and SIMPROF test were performed using PRIMERv6 [30] . Furthermore, based on literature [e.g. 31] and the World Register of Marine Species (WoRMS; http://www.marinespecies.org/) consumers were classified into 8 functional groups: fish, predators, omnivore/predator/scavengers, omnivores, deposit feeders/facultative suspension feeders, suspension feeders, deposit feeders and herbivores.
A useful measure for the (dis)similarity of food web structure across different systems is the trophic position (TP) of consumers in a food web, which can be estimated based on the δ 15 N ratio [32, 33] : When comparing a consumer's TP between systems, the use of an appropriate trophic baseline is crucial [33, 34] . As a baseline, primary consumers are preferred to primary producers since they are spatially and temporarily less variable in their isotope values [33, 35] . The isopod Lekanesphaera levii (L. conchilega aggregation/spring; δ 15 N = 3.28‰) was selected as the trophic baseline for the food webs of the BMSM, while the amphipod Gammarus sp. (L. conchilega aggregation/spring and control/autumn; δ 15 N = 6.58‰) for Boulogne. In addition, the use of an appropriate trophic enrichment factor (Δ 15 N) is important because consumers are typically enriched in their C and, mainly, N ratios relative to their prey. The generally accepted Δ 15 N of 3.4 ‰ was used because it was proven to be a robust and widely applicable assumption when applied to entire food webs [33, 36] .
The structure and niche widths of the food webs were investigated by calculating 6 descriptive community-wide metrics based on stable isotope data. The metrics were originally proposed by Layman et al. [25] and reformulated in a Bayesian framework by Jackson et al. [26] . Trophic diversity within the community is reflected by the total extent of spacing within δ 13 C-δ 15 N biplot space and measured by the first four metrics: δ 15 N range (NR; representation of the vertical food web structure), δ 13 C range (CR; representation of diversity at the base of the food web), total area of the convex hull encompassing the data (TA; representation of the niche space occupied) and mean distance to centroid (CD; representation of the average trophic diversity within the food web). The extent of trophic redundancy (the relative position of taxa to each other within niche space) is measured by metrics five and six: mean nearest neighbour distance (MNND) and standard deviation of the nearest neighbour distance (SDNND). These metrics were calculated based on standard ellipses [37] and Bayesian methods resulting in improved estimates, including their uncertainty [26] . However, because the TA is highly sensitive to sample size and hence impedes comparison between communities with unequal sample sizes, Bayesian standard ellipse area (SEA B ) was used. Standard ellipses are not sensitive to sample size because they generally contain about 40% of the data. Nevertheless, for small sample sizes (n < 30) the tendency towards underestimating the SEA remains. Therefore, a small sample-size corrected standard ellipse (SEA c ), insensitive to sample size [26] , was calculated. All univariate analyses were run in R (Version 3.1.2). The calculation of the Bayesian Layman's metrics and standard ellipse areas for the different communities was done using SIBER (Stable Isotope Bayesian Ellipses in R; [26] ).
Results
Primary Food Sources
In the BMSM, MPB diatom (ranging from -14.08 ± 4.07‰ to -6.84 ± 0.63‰) showed a more enriched δ 13 C value than SPOM (ranging from -22.66 ± 0.66‰ to -20.79 ± 0.39‰) for all sampling areas and periods (Fig 2) . The δ 13 C value of both SPOM and MPB diatom was affected by the factor period: δ 13 C of SPOM was lower in spring than in autumn, while δ 13 C of MPB diatom was higher in spring than in autumn (Table 1 ). δ 15 N values in the BMSM ranged from 3.72 ± 0.38‰ (SPOM in the L. conchilega area during spring) to 7.21 ± 1.60‰ (MPB diatom in the control area during autumn) (Fig 2) . No differences in δ 15 N of MPB diatom could be detected, while the δ 15 N value for SPOM differed among the sampling area x period interaction (Table 1) . However, only in autumn the δ 15 N value of SPOM was significantly higher in the L. conchilega aggregation compared to the control area (Table 1) .
In Boulogne, MPB diatom (ranging from -19.58 ± 1.18‰ to -12.67 ± 3.97‰) showed a more enriched δ 13 C value than SPOM (ranging from -24.60 ± 0.70‰ to -21.21 ± 0.10‰) for all sampling areas and periods (Fig 3) . The δ 13 C value of both SPOM and MPB diatom was affected by the interaction of sampling area x period (Table 1) . Pair-wise tests showed that the δ 13 C value of SPOM in the L. conchilega aggregation was significantly higher than in the control area but only in autumn (Table 1) . No significant pair-wise differences could be detected for MPB diatom . δ
15
N values in Boulogne range from 0.91 ± 0.99‰ (MPB diatom in the control area during spring) to 4.66 ± 0.77‰ (SPOM in the L. conchilega aggregation during spring (Fig 3) . Nor for SPOM, neither for MPB diatom differences in δ 15 N for the factors sampling area and period could be detected (Table 1) .
Consumers
In total, 346 organisms belonging to 71 taxa were collected and analysed for their stable isotope values. 188 organisms (46 taxa) inhabiting the BMSM were analysed, of which 97 organisms (36 taxa) were collected in the L. conchilega aggregation and 91 organisms (38 taxa) in the control area; while for Boulogne 158 organisms (42 taxa) were analysed, of which 82 organisms (34 taxa) were collected in the L. conchilega aggregation and 76 organisms (30 taxa) in the control area. The majority of organisms in the BMSM were crustaceans (52.1%) and fish (18.6%), as was the case for Boulogne (40.5% en 39.9% resp.) (Tables 2 and 3 ). Both for the BMSM (Fig  2) and Boulogne (Fig 3) , the most depleted δ 13 C values were found in the L. conchilega (Fig 4) .
However, isotope values for some taxa were enriched (on the right side of the 95% CI) or depleted (on the left side of the 95% CI) in the L. conchilega aggregation compared to the control area. In the BMSM during autumn, enriched δ 13 C values in the L. conchilega aggregation were found for Idotea linearis, Diogenes pugilator and Loligo vulgaris, while no taxa showed depleted δ 13 C values. In contrast, in spring, C. crangon showed a depleted δ 13 C value in the aggregation, while no taxa showed enriched δ 13 C values. In Boulogne during autumn, Nephtys cirrosa showed a depleted δ 13 C value in the aggregation, while during spring S. rostellatus
showed an enriched δ 13 C value in the aggregation. Regarding δ 15 N, in spring some taxa exhibited enriched values in the L. conchilega aggregations (Schistomysis kervillei and C. crangon in the BMSM; Mesopodopsis slabberi in Boulogne) while Macoma balthica showed a depleted value in the L. conchilega aggregations. In autumn, no taxa with enriched or depleted δ 15 N values in the aggregation were found (Fig 4) .
Classical approach towards the effect of L. conchilega on the food web structure
Variation in the highest trophic position in the food web was small: ranging between 5.47 (control-spring) and 5.63 (L. conchilega aggregation-spring and control-autumn) in the BMSM and between 4.63 (L. conchilega aggregation-autumn) and 4.97 (control-spring) in Boulogne (Figs 2  and 3) . Similarly, no large differences were observed in the trophic position of consumer taxa which were seasonally co-occurring in the L. conchilega aggregations and control areas (largest difference: 0.29 TP) (Figs 2 and 3) . Following the cluster analysis (and SIMPROF test) of consumers based on their isotope values, the number of trophic groups in a L. conchilega aggregation area was either equal to (BMSM-autumn and Boulogne-spring) or at least three times as high (BMSM-spring and Boulogne-autumn) as the number of cluster in a control area. The number of functional groups between the L. conchilega aggregations and control areas was The Impact of Ecosystem Engineers on Food Webs The Impact of Ecosystem Engineers on Food Webs equal, but in the cases where the number of trophic groups in an aggregation were three times higher (e.g. Fig 2A versus 2B) , the functional groups appeared in more trophic groups (Figs 2  and 3 ; see S1 and S2 Appendices for taxa included in each trophic group).
Integrated approach towards the effect of L. conchilega on the food web structure
In general, at both locations the overlap of the standard ellipses for the L. conchilega aggregations and control areas was high (Fig 5) and found to be higher in spring (BMSM: 11.69‰ 2 ; Boulogne: 9.05‰ 2 ) than in autumn (BMSM: 7.83‰ 2 ; Boulogne: 6.06‰
2 ) (Table 4 ). In spring, the sizes of the standard ellipse areas (SEA c ) of the L. conchilega communities was larger than the those of the control communities (BMSM: L. conchilega aggregation = 15. Table 4 ). The probability that SEA B of the L. conchilega aggregation is larger than the SEA B of the control area in spring was 67.33% for the BMSM and 78% for Boulogne (Table 4) . On the contrary, in autumn, the sizes of the standard ellipse areas (SEA c ) of the L. conchilega communities were smaller than those of the control communities (BMSM: L. conchilega aggregation = 9.13‰ 2 , control = 11.82‰ 2 ; Boulogne: L. conchilega aggregation = 6.58‰ 2 , control = 8.71‰
2 ) (Fig 6, Table 4 ). The probability that SEA B of the L. conchilega aggregation is larger than the SEA B of the control area in autumn was 8.74% for the BMSM and 8.38% for Boulogne (Table 4) . When comparing the two locations, the SEA c for Boulogne were slightly smaller compared to those of the BMSM (Fig 6) .
Visual analysis of the credible intervals of the Bayesian implementation of the Layman metrics showed for all 8 food webs a high overlap in the δ 15 N range (NR), the δ 13 C range (CR) and the standard deviation of the nearest neighbour distance (SDNND) (Fig 7, Table 4 ). Credible intervals of the mean distance to centroid (CD) and the mean nearest neighbour distance (MNND) overlapped largely between L. conchilega and control communities, while slightly lower overlaps between spring and autumn communities were noted (Fig 7, Table 4 ). 
Discussion
Notwithstanding the engineering effects of L. conchilega on the physical characteristics of the environment [13, 38] and the subsequent alteration in the abundance and biomass of the primary producers and a broad spectrum of macrofaunal organisms [e.g. 17, 20] , the current study shows that the ecosystem engineering effect of L. conchilega does not directly affect the structure and isotopic niche of the food web of a soft-bottom intertidal ecosystem. 
Primary food sources
Primary food sources largely determine the food web structure by fuelling higher trophic levels in the system. Bulk organic matter (SPOM) and benthic diatoms (MPB diatom ) are the main food sources of the soft-bottom intertidal community, both in the presence and absence of L. The Impact of Ecosystem Engineers on Food Webs with bacteria considered as an important food source of deposit-feeding fauna [40] . The δ 13 C values of SPOM measured in this study (-22.23 ± 1.28‰) are in the same range as δ 13 C values of pure phytoplankton in temperate coastal areas and estuaries [e.g. 41, 42, 43] . MPB diatom on its turn is more enriched in 13 C (-13.14 ± 4.39‰) compared to SPOM, which is in line with the general trend that benthic algae in coastal environments have higher δ 13 C values compared to phytoplankton [44] . Therefore, we suggest that the sampled SPOM is a mixture containing a rather small amount of locally produced MPB diatom and predominantly water column-derived suspended POM. Stable isotope values of the primary food sources were shown to be largely similar between the L. conchilega aggregations and control areas, implying an unaltered diversity of the most dominant primary resources in the presence of the tubeworm. Hence, the ecosystem engineering activity of L. conchilega does not directly modify the base of the food web. Isotope values differ rather seasonally: the δ 13 C value of MPB diatom in the BMSM is higher in spring than in autumn; however the opposite is the case for SPOM. Since changes in the amount of benthic diatoms among seasons are small [16] and because they most probably only form a minor fraction of the bulk organic matter, its isotope signature seems to be masked by the high quantities of depleted POM in spring [16] . Conversely, in autumn the amounts of depleted POM are much lower [16] leading to enriched benthic diatom-dominated bulk organic matter. Because SPOM is the most important carbon source for primary consumers in this study, the soft-bottom intertidal food web seems to be mainly driven by carbon input from the water column, rather than by in situ primary production by benthic diatoms. This finding confirms the important trophic contribution of near shore phytoplankton to sandy beach macrofauna [45, 46] .
Consumers
Independent of the location, isotope values of primary food sources do not differ greatly among sampling areas and most consumer taxa co-occurring at both sampling areas exhibit similar isotope values, indicating that consumer taxa generally do not shift their diet when feeding in a L. conchilega aggregation. Moreover, the largely unchanged consumer diets are reflected in the almost invariable ranges in δ 15 N and δ 13 C and the highly similar trophic positions and isotopic niche widths of consumer communities of L. conchilega aggregations and control areas. Nonetheless, the high probability (at least 67%) that the isotopic niche width of the L. conchilega communities is larger than the bare sand communities in spring, in combination with the deviating isotope values of some consumer taxa in the L. conchilega aggregations implies that some consumers do shift their diet preference depending on the sampling area and the period. A diet shift is for instance the case for the brown shrimp C. crangon, which is one of the most abundant species in a L. conchilega aggregation [16] . When feeding in the L. conchilega aggregation in the BMSM during spring, C. crangon has a depleted δ 13 C value and an enriched δ 15 N value compared to a bare sand plot. Deviating isotope values of taxa in the L. conchilega aggregation can be the result of the uptake of a specific food source or of the different community composition in the aggregations. Firstly, the specific food uptake can be the case if a consumer feeds on a more δ 13 C enriched or depleted prey source which is merely available or more readily accessible in a L. conchilega aggregation due to the aggregation's specific habitat characteristics (e.g. shelter provision; [47] ). A prerequisite for this kind of change in the isotope values is that the consumer can circumvent the tidal cycle and remain in the L. conchilega aggregation for a longer period of time or that the consumer is able to find its way back to the aggregation. The former is likely for macrobenthic animals and consumer taxa showing burying behaviour when the water retreats such as C. crangon, (pers. obs. in experimental setups, [48] ). More mobile, non-burrowing epifauna with deviating isotope values in the L.
conchilega aggregation, such as L. vulgaris and S. rostellatus, are believed to be able to reoccupy their position in the aggregation at high tide. Secondly, the different composition of the associated fauna might affect the food selectivity of consumers. The higher number of trophic groups in the L. conchilega aggregation suggests a slightly different food selectivity and hence a decrease in the competition between consumers which is supposed to be beneficial in the densely populated L. conchilega aggregations. Despite the reported locally increased species richness in a L. conchilega aggregation [47, 49] , the number of taxa between the L. conchilega and control areas was not different in this study. Nonetheless, standardised sampling techniques were used consistently throughout this study and we believe that the gathered data veraciously reflect the observed food web structure. While most taxa do not show a diet shift in the L. conchilega aggregations, a more in-depth view reveals that there might be an indirect engineering effect of L. conchilega on a minor fraction of the consumer taxa owing to a specific food uptake and/or the different community composition in the aggregations.
Isotopic niche width was not different among sampling areas (L. conchilega aggregation vs. control), but differences among periods (spring vs. autumn) were shown to be slightly larger, indicating that the isotopic niche width of the consumer communities among periods is less alike than the isotopic niche width of the communities among sampling areas. A shift in the diet of the consumer taxa from spring to autumn and vice versa most reasonably explains the observed differences [50] . Species packing and hence trophic redundancy among sampling areas (as measured by MNND and SDNND metrics) seems not to be affected, pointing to an unaltered stability of the food web in the presence of L. conchilega. However, based on the increased sediment stability in the presence of L. conchilega [13, 51] , a stabilizing effect of the ecosystem engineer on the food web base was expected. The observed unaltered stability can be related to the dependence of the food web on water column-derived primary production (SPOM) rather than in situ primary production from the sediment. Comparison of trophic redundancy and overall species packing among periods reveals that the autumn communities showed an increase [by the lower values of MNND and to some extent by the lower values of CD; 52], compared to their counterparts in spring. Hence, food web stability is slightly higher in autumn compared to spring.
Following the largely invariable range of δ 15 N, the trophic position of consumers in the food web seems not to be affected by the presence of the L. conchilega aggregations. It should be noted however that the estimates of the TP in this study are much higher than the trophic levels of the different compartments of other intertidal food webs based on phytoplankton and detritus [53] . The slightly higher TPs in the BMSM compared to Boulogne most probably result from the considerable variation in the δ 15 N of the location-specific trophic baseline. The selection of an appropriate baseline is a crucial step and will largely influence the estimation of a consumer's TP [33, 34] . Therefore, the inclusion of smaller-sized benthos (meiofauna; mainly nematodes and harpacticoid copepods), as a trophic linkage to macrofauna and an important structural component of the benthic community [54] , is recommended for future research. Although the primary consumers selected as a baseline in this study are not optimal, it does not conflict with our main interest: the TP of a consumer taxon in a L. conchilega aggregation relative to a control area.
Linking ecosystem engineering and food webs
Although integrated studies on ecosystem engineering and food web structure are rare in marine research, the outcomes of our study are largely in line with existing knowledge. Rigolet et al. [7] investigated changes in the benthic food web structure of an Amphiura filiformis habitat colonised by the engineering tubicolous amphipod Haploops nirae. Despite altering local sediment features and positively affecting the local biodiversity and associated species assemblages [55] , H. nirae did not affect the food web structure as based on ranges in δ 13 C and δ 15 N. Similarly, Baeta et al. [56] found neither differences in the planktonic nor the benthic food web structure between a site dominated by eelgrass Zostera noltei and bare sediment. A study by Botto et al. [57] shows that the burrowing crab Neohelice granulata, an engineer in SW Atlantic coastal areas, modifies δ 15 N values of sediments and primary producers by 3 to 7‰. Some consumers associated with the sedimentary environment reflected the enriched N values, but the overall food web structure in areas with and without the crab however remained largely unaltered. Apart from the well-documented effects of an ecosystem engineer on its environment and on the composition of a community, the results of the current and previous studies did not show a global impact of the presence of ecosystem engineers on the marine food web structure; contrasting recently formulated hypotheses [4] . As opposed to the strong impact of L. conchilega on the benthic assemblage, the ecosystem engineer's influence on the water column is probably too limited to substantially stir the global structure of the soft-bottom intertidal food web, which is mainly driven by water-column derived primary production. 
Supporting Information
